Cotton dusts contain condensed tannins and endotoxins, which are suspected of contributing to the development of acute and chronic biological responses in some cotton textile mill workers. Condensed tannin extracted from cotton dust was coated on to cellulose powder, and the tannin coated powder was treated with an alkali solvent system previously developed to reduce the endotoxin content and pulmonary toxicity of cotton dust. Physiological activities of the dusts and powders were compared by assaying the production of the arachidonic acid metabolites prostaglandin F2, (PGF21), thromboxane A2 The University of Pittsburgh Graduate School of Public Health (UPGSPH) showed in their guinea pig model for byssinosis that inhalation of cotton dust resulted in increased respiratory frequency and decreased tidal volume. They also reported that cotton dust DB 11/82 treated with 02%,/ sodium hydroxide solution consistently had reduced pulmonary toxicity in the guinea pig model, as shown by diminished changes in respiratory frequency and tidal volume relative to untreated cotton dust.7
der resulted in a further decrease in its ability to stimulate the cells, producing [3] [4] [5] Endotoxins (lipopolysaccharides) produced by Gram negative bacteria that occur naturally on cotton plants are suspected of contributing to development of the biological responses to cotton dust." We previously reported that treatment of a cotton dust designated DB 11/82 with 95% ethanol containing 02qo sodium hydroxide reduced the endotoxin content of the dust by 90%o.6
The University of Pittsburgh Graduate School of Public Health (UPGSPH) showed in their guinea pig model for byssinosis that inhalation of cotton dust resulted in increased respiratory frequency and decreased tidal volume. They also reported that cotton dust DB 11/82 treated with 02%,/ sodium hydroxide solution consistently had reduced pulmonary toxicity in the guinea pig model, as shown by diminished changes in respiratory frequency and tidal volume relative to untreated cotton dust. 7 Although our goal is to reduce or eliminate the biological activity of endotoxins in cotton dusts, the possible effect of any treatment on other constituents in cotton dusts cannot be ignored.
Condensed tannins found in non-lint structures of the cotton plant (but not in mature lint)8 and other related polyphenolics have been cited as potential aetiological agents of some of the symptoms and respiratory changes associated with the responses to cotton dust.90 Studies of the effects of inhalation of condensed polyphenols by human subjects have been conducted, but results were inconsistent. In one study, subjective symptoms were reported, but no changes in pulmonary function could be measured." In another study neither subjective symptoms nor changes in pulmonary function were found. 12 Several research groups have shown that condensed tannins have physiological activity in a variety of in vitro systems'138 and in in vivo studies ofhamsters and guinea pigs. 19 20 Condensed tannins isolated from cotton plants (fig 1) are polyphenolic polymers (condensed proanthocyanidins); the monomer units are C6-C3-C6 flavan-3-ols (procyanidin and prodelphinidin, with a terminal (+ )-catechin unit). 8 Under alkaline conditions condensed tannins are not stable and lability of the interflavanoid bond and the ether linkage in the pyran ring of condensed Our solvent system for detoxification is strongly alkaline. To determine the effect of this system on condensed tannin in cotton, we extracted these from cotton dust, loaded the tannins on to cellulose powder, and then treated the tannin coated powder with the detoxification solvent system, a solution of 0-2% sodium hydroxide in 95% ethanol.
Activation of mammalian cells with a variety of Figure 2 General structure of alkali-rearranged procyanidin condensed tannins (R = H or a continuation of the same type of structure were placed in each siliconised Leighton culture tube and incubated for 24 hours at 37'C in 5% CO2 air mixture. At the end of the incubation period the contents of each culture tube were washed twice with 5 ml of RPMI + and the unattached cells and supernatants were discarded after each wash. Immediately after the final wash, the cells were resuspended in 1 ml of RPMI + containing 1 mg of either cellulose powder, extracted or unextracted cotton dust, tannin coated cellulose powder, or the vehicle alone. The cells were incubated at 37'C in 500CO2 air mixture and the reaction was stopped after one hour by cooling the suspension ofcells in ice water for 10 minutes. The culture tubes were centrifuged at 1000 g for 30 minutes at 4°C and the supernatant solutions containing the arachidonic acid metabolites were collected and frozen at -80'C. The prostaglandins and leukotriene in the supernatants were quantified by radioimmunoassay with materials supplied in kits and procedures obtained from Dupont NEN.
Results
Thin layer chromatography of authentic samples of cyanidin and delphinidin and the hydrolysates of dust DB 1/88, extracted dust DB 1/88, and cellulose powder coated with the 7000 acetone extract confirmed the presence of cyanidin and delphinidin in the hydrolysates of tannin coated cellulose powders. No cyanidin or delphinidin was detected in the hydrolysate of the control cellulose powder. Only weak traces of cyanidin and no delphinidin were seen in the hydrolysate of the tannin coated powder treated with alkali, despite application of this sample at a load several times that of the other samples.
The cotton dust DB 1/88 from which the tannin was extracted contained 4 51 %O tannin (table 1); after two successive extractions with 70% acetone, the tannin content of the dust was reduced to 1 32%. The tannin coated cellulose powder contained 2 07%/ tannin. Although this is less than half the tannin concentration found for dust DB 1/88, it is comparable to that of dust DB 1/82, the cotton dust used to develop the UPGSPH animal model for byssinosis (table 1).7 Table 1 Tannin and endotoxin content of cotton dust and tannin coated cellulose powders A mass balance accounted for 50% of the original tannin in the extracted dust (23%) and in crude tannin on the powder (27%); some tannin may have been lost by oxidation. Although we considered adding a compound such as ascorbic acid to reduce possible loss of tannin by this route, the potential interference of such a compound with planned inhalation studies using animal models prohibited this approach. Treatment of the tannin coated cellulose powder with the ethanol sodium hydroxide solvent system reduced the assayable tannin content to 0 59%. Guinea pig pulmonary cells obtained by lung lavage were stimulated by cotton dust, extracted cotton dust, tannin coated cellulose powder, and alkali-treated tannin coated cellulose powder. Table  2 gives the data for the production of metabolites of arachidonic acid from the cells after stimulation by the vehicle alone (control) and by the dusts and powders.
Cotton DB 1/88 dust stimulated the production and release of PGE2, PGF2,, TxB2, and LTC4 from the pulmonary lavage cells of the guinea pig. Extraction of this sample of cotton dust with 70% acetone significantly reduced its capacity to stimulate production of PGE2 by 68%, PGF2, by 81%, TxB2 by 89%, and LTC4 by 82%. The tannin coated cellulose powder, and the extracted dust gave rise to a significantly lower production of the biologically active metabolites than did the untreated cotton dust DB 1/88. The activity of the tannin coated cellulose powder was, however, slightly greater than that of the extracted dust for PGF,,, TxB,, and LTC4, and only slightly less than that of the extracted dust for PGE,. Alkaline treatment of the tannin coated cellulose powder reduced the capacity of the powder to stimulate the pulmonary lavage cells to produce Although the highest concentration of metabolites was produced by the material with the highest endotoxin content (dust DB 1/88 with 758 ng LPS/ mg), production of the metabolites by the dusts and powders in this study did not correlate with endotoxin content overall. For instance, although the ability of the tannin coated powder to stimulate production of the metabolites was significantly greater than that found for the extracted dust for PGF2,,, TxB2, and LTC4, and about equal to that found for PGE2, the endotoxin content of the tannin coated powder (0-095 ng/mg) was significantly lower than that of the extracted dust (438 ng/mg). Cotton dust, however, stimulated significantly higher production of the metabolites than did the tannin coated powder indicating that tannin content alone cannot account for production of the metabolites.
Comparison of the pulmonary toxicity of the dusts and powders described in this report is currently under way with the University of Pittsburgh guinea pig model for byssinosis.7
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